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FOREWORD

Investigatims of the inhalation toxicity of UDMH described he, ein
were conducted by Maurice H. Weeks, George C. MAxey, Mary E. Sicks, and
Earle A. Greene of the Directorute of Medical Research, U. S. Army Chemi-
cal Research and Development Laboratories, Army Chemical Center, Maryland.
They were pxerformed under Air Force Project No. 7165, "Health Hazards of
Materials and Radiation," Task No. 71836, "EvaluatJon and Control of Toxic
Chemical Materials." The contract monitor was Dr. Kenneth C. Back, Toxic
lavards Section, Physiology Branch, Biomedical Laboratory of the Aerospace
Medical Laboratory. The experiments were started on April 1960 and com-
pleted on May 1061. The publication of this report dims not constitute approval
by the Air Force of the findings or conclusions contalsied herein.
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ABSTRA IICT

A study was ' aue of the inhalation toxicity of UDMi- in animals
froml siigle s(i,'t elxp(sures. Five- to sixty-minute exix)sure of duhs and
rats to high concentrations of UDMH produce toxic signs sinmilar to those
seen at longer Inhalation exposurv's. No, linical ablormalitles resulted
from these single shorl'-toro eXlosu£f-s.

I)gs exposed to 50, 200, and 600 ppm ),f UDMIl for single or multiple
60-, 15-, and 5-minute priclds, respectively, showed no adverb.e physio-
lgical effects. These levels of UDMII sbhodi serve as a basis from which
short-t,:rn e.posure standards may t,.. e-stiniated for man

PUBLICATIO REVIEW

C.,JOSEPH M. WUASIINOCK
Colonel, USA F, MC
Chief, Biomedical laboratory
Aerospace Medical Laboratory
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VAFOR TOXICXTY OF UDMH N RATS AND DOGS FRO1 iI1ORT EXPO3URES

INrRODUCT ION

The use of 1,1-dimethylhydrazine (UDHM) as a storable ?.iquid fuel
in advanced type missile systems ias resulted in the need for additional
information on the health hazards from single, short exposures Lo this
compound. it is indicated that the conditions of expcsure most likely

will involve larqe amounts of .agent in confined 3reac fo- s.crt periods
of time.

The to. icology of UDMH shows it to be primarily o central ,ervous
system stimulant ausing convulsion and death irrespective of ti'a route
of administration (3). InhaLation of its vapors may also cause respiratory

aad gastrointrstinc1 '-- - '-.. a. And lethargy (4,6).

A hygienic standard or naximal allowable concentration (MAC) of 0.5
pp, UD>H vapor has been recommended for industrial atmospheres (9). Thic
suggested 4AC established a value w1ch should give adeqluate protection
taring a normal eighf.-hour workday, five days a week, for the life of the
worker. However, brief exposureb to much higher concentrations may occur
in emergency situations, and our knowledge of UDMH poisoning is insufficient
to predict adequately the levels of human tolerance from such exposure. The

tifects resulting from a few accidental exposures have been reported in the
literature, but circumstances in such situations do not contribute to es-
tablishing well defined values for exposure times or for concentration
levels (6).

The purpoce of our study ,.as to obtain data on the inhalation toxicity
of UDM~i in animal from single, short exposures. Results from these con-
trolled experiments will help to establish more realistic short-term ex-
posure standards for t:DX4 and provide information on toxicology and public
health.

The present paper reports the effects of both single exposure of rats
and dogs and of repeated exposure of dogs to UDM vapor. The experiments
with rats were designed to determine -he fange of concentrations producing
tevere toxic effects from sinaic _-, !5-, 3G-, and 60-minute exposure
periods. The objective of the experiments with dogs was to find the concen-

tration of UDH- causii.6 minimal or no toxic signs at short exposure periods.

MTHODS

A. Lxperimental Procedures

Exposures were carried out in a 370-Liter dynamic flow gassing
chr.:ber operated at an airfloi. of 200 liters per futnur-. Ur'lI was dispersed

*LjD'.D1, -trade name Dimazine, was obtained from Westvcro C!

Macitinery & Chemical Corporation, New York, New York.



into the exposure chamber as a vapor by passing oil-pumped nitrcger through
a dispersion bubbler containing the liquid agent. The bubbler was maintained

in a constant temperature bath at 29*C in the 15-, 30-, and 60-minute studies
and at 50*C in the 5-minute studies. Concentrations of UDMH were determined

from measured air samples collected in bubblers containing dilute HC1 so-
lution and analyzed by a K1O- titration method (1)..3

B. Toxicity Studies with Rats

Young, malo rats (lu to 120 gm) were expose, t., groups of 10 to
various concen cation levels of UDMH for single 5-, 15-, 30-, and 60-minut
periods. Th were observed for to'ic signs e'rtng exposure and 'r seven
days after expwsure. All were weighed before exposure and survivors for
seven days thereafter and their growth rate compared with that of the :on-

trols. Histopathologic stud.es were conducted on groups of rat.- sacrificed

trations of UDMH. Deaths resulting from inhalations of UDi were recorded
and the LC5O values for the exposure periods were computed by the method of

Bliss &4 described b> Finr.ey (").

A separate group of 20 male unexposed rats was observed for food
and water consumption and for spontaneous activity as measured by means oi
voluntary rotary activity cages. Ten rats from this group were then exposed
to 10 ppm of UDMH for 60 minutes. Blood was taken from the tail before
and after exposure and hematocrit and erythrocyte counts were determined.
Heasurements of food and water consumption and of activity were continued
for three weeks after exposure and compared with the 10 control animals.

C. T xity dies with Doga

1. Single Exposures

3Iongrel dogs it, 6roups of three were exposed to various concen-
trations of UDM4 vapor for 4inle 5-, 15-, and 60-minute periods. A modi-

fied lOo-liter chamber .as used for these exposurs. The dispersion, chamber

operation, and analysis of UD1,W vapor were similar to that described prvi-
o,! - ly.

Lchai effects of UDMH at various concentration levels for each

exposure time were determined, and the LC5O values were estimated. Toxic

signs, weight changes, and deaths were recorded during a seven-day obser-

vation period. During these experimen';s extraneous noises r- -nvements were

kept to a minimum for three to five hours Pfter the do,; had be,,.n exposed
illscord.- ,ologic studies were conducted on selected dogs from the vitriv-_

posurer wl ".ch were sacrificed immedistely, 7, l, and 21 days a La exi:curc.

The response of animals to concentrations of UDi4( approximating

5C, 5, -nd 12.5 percent of the previously estimated LC5O value.q waa deter-

..ined groups of dogs expoied for single 5-, 15-, and 60-minute periods.
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Fifteen minutes after each expojure and at one hour and two hours there-
after, these dogs were subjected to audliory, visual, and mild electrical
stimuli and observed for toxic :ifna and for behavior.

In another series of experiments the retention of inhaled UDMH
was determined in six anesthetized dogs* exposed by means of an endo-
tracheal tube or an oronasal mask. Each animal was cxposed to o known
concentraticn fov about one hour &nd the percent reLention of the inhaled
dose was determined. Respiratory volumes and rates were o asured and EKGs
were recorded during the exposures.

Muttiple Exposure,

Results obtaived from acute exposures indicated tuat single
exposures to 50, 2CO, and 60C ppm of UDi for periods of )G, 15, and 5

Experiments to support these estimates were conducted by exposing three
groups of four mixed breed dogs twice weekly (Monday and Thursday) for six
week. to tOese concentrati'ns and c.;posure timeb.

All animals were observed for general health, chcracteristic
behavioral sign,, coordination, and reflex reactions (>) for two months
prior to and during exposure. Base line values were also obtainc! for red
and white blood cell, reticulocyte counts, hematocrit, nonprotein nitrogen,
glucose, bilirubin, and chollnescerase** levels. The clinical determinations
and physical examinations were made ac weekly intervals during the active

stages of exposure.

Two dogs from each group were trained to perform a conditioned
avoidance test i. a traumatic avoidance apparatus (7). In this tesc dogs
were trained to jump over a barrier within five seconds after a conditioned
stimulus (flashing light and pulsating buzzer) was presented. Electric
shock, given through a grid floor, five seconds after the conditioned stimu-
lus was presented, was used to train the animal. Each 3ession on the eppa-
ratus couslsted of 20 jump trials. The dogs were considered trained when
they were able to complete five sessions (100 trials) given over a five-day
period, without error. During the exposure period each trained dog's be-
havior, average response time, and number of mistakes (jumping before signal)
were recorded. These trials of 20 jumps each were conducted on each non-
exposure day and on each expo;ure day once before and once 15 minutes after
they had been exposed.

.7*?.j9!7hetic - Pentosin, J. S. Such & Son, Baltimore, Maryldnu. ... -

co-nc.ns 64 mg sodium pentobarbital, 32 w! mephenesin ...

r" 1 alcohol and 2C% propylene glycol. (The iv doze was 0.1 , ;
b:,y weight.)

N.G.,,f, W. A.: Modification of Serum Cholinesterase Method of Wetstone
a,, ,Euwers (in preparation).



After six weeks of exposure the three groups of d'ogs were
then exposed twice weekly for two weeks to double the previous concen-
tratiotts, ise. to 100, 400, and 120 ppm of UDHO for 60, 15, and 5 minutes,
respectively. The previously deicribed clinical determinations, physical
examinations, and other observations were continued during this period.

Results from these exposures wer4 coopared with a ra;igc-
firding test '.a whicn two groups of two mongrel dogs each, previously non-
axposed, were subjected twice weekly (Monday and Thursday) LW 100 and 1200
ppm of UD4 for exposure periods of 60 and 5 minutes, rf.spectively. Ex-
posures were t scontinued during the second week because of the dppearancz
of sovere to - signs. Values were ol ta lnq-' o,Lor co and through at the
exposur. period for red and white blood cell counts, reticulocyte counts,
hematocrit, and nonprotein nitrogen levels. All an4'rels were examined to
determine their health and behavi'.ral charac.teristics before ani during the

.'RE3ULTS

Comparisor o' t-e vapor concentrations of UDH determined by chemical
analyses to th weight of agent used during an exposure showed that b0
percont or bett-r of cre amount dispersed into the chamber remained air-
borne.

A. Toxicity aLudies with R.its

Rats exposed to UDMH showed signs of irritation during exposure
as demonstrated by face wasning, sneezing, closing of eyes, and restless
agitation, The pelt appeared rough and unkempt for one to two days after
exposure, but thereafter looked normal. All deaths occurred within Z4
hours after exposure. Surviving animalc shnwod no weight changes con-
sistently different from the control animals.

The sequence of eventa preceding death was a quiet period of one
t, two hours aftur expoaure followed by a short period of wild running
abo-.t the cage, stopping for a fet seconds, and then an intermittent clonic-
tonic convulsive seizure of about 15 to 30 secondA duration. several series
of these seizurea interspersad with periods of quiet preceded death.

The 5-, 15-, 3C-, and 6,-zinute LC50 values for r2- -:'7', A re
UD,Si ,iLin 19/20 confidence limits and slopes of the uose-respor.; cirves
with hir standard errors are shown in Table 1. The four-hour value:.
duter r, a.; by Jaobson et al. (4) are included for comparisor. -kitec ,.-
Suits ce shown graphically in figure 1. Statistical analysis of thU ,L.:,Fes
of the . 3C-, 3-, and 60-minute exposure curves, as well as the Jacobson four-
hour s! ;e, .ihowed that they were tnot signifiantly different at the 95 per-
cc.,t cc.nfidence level.
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TABLE 1

LC5O VALUES FOR RATS EXPO50D TO UDMH

Exposure -I-/2( Standard
Time I50 Confidence .13pe Error of

Limits Slope
min ppm ppm

Lo 252 'O 2.65 2.

6c i411 1301-1531 9.70 2.4

15 2 c,-977d 5.90 1.7

$-3AQz-557 9.0

The LC50s of UDMi for rats versus exposure times were plotted or.
log-log coordinates as shown in figure 2. The solid line drdwn represents
the concentration exposure time telationship for a single exposure above
which at east 50 percent mortality may be expected among the exposed
animals. In Table 2 are given the calculated response levels if 1, 50, and
-4 percent de3th for eRch of these exposures.

T.'JLE 2

DOSE-RE4PONSiE LEVELS FRU.. RATS EXPOSED TO MINA

Exposure
Time LCI LC5O l'cA

mir.

21 136 252 29

60 ..l3 ihal .

30 263 40O0;

15 3345 8230 12099

5 19,4 24k57 26730

5
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Zn atiler experiensa no dtfferences wre found betwon xposaed
and contral rats in feed and vter eonsumption, In food utilluation, and
in weight gaiei. However, the voluntary activity of exposed rats wne
mrkedly iriduced by exposure to IJWf and reclined lower than the controls
thfreus)ut eise chree-wuek obsarvahion perLod.

tesetoefit nd erythreeyte counts an rats epoaled to lowO ppm
IJD4 for noe hour were not different from pre-eaposure encteol values.

llto hetholois atudiea of or~ans and tisaueu from the exjiated
aimmal ibM.e, lesions chat could be atLribuiibLe to JDMI poisonlns.

3. Toxicity itudias wLr Dose

Deli lI*%.d few toxic signs dur p1l5 5(5'.re, moem licked their
nea and Ii, a during the ;- and 15-ilnuto runsi a few vomited durifn the
60-Miuto ruie. Altar expoutre all animals seemed dsad, depressed, or in
a satae of sheek# harp nolies made tha shiver ad aemver. Intermittent
flonic and tons Ceinvulsive seicures of I to 15 minutes duration vere seen
in dogs that died and in soe at the survivors, Surviving dose seemed
deowetely raeovored 40 hours after expeoure.

All 4eaths woeured Within 21. hovr after "Lposur$- Eufoivlng
anmales veir weiglied during the seven-day observation peril. The raraea
n eonsaenratiene predulosg lethal effects In dala were soewhat loer tiu
thoe foind with Che Cet. he I.C s with 19/2r aonfidenee limita and the
slope with standard error of the d6se-raponeo curves is Calculated by the
%sthed of plies are shown in Table j. Miero- and mieaeeopta iiasinAtion
of tissues aid organs from these dogs f'oed n1o changes that could be at.
tribiutable to ME4, expesure.

Standard

Tim LC O Confidence dlope I rr.-r ot

mn ppm p1101

3 7- 2J327-WuO3 3.9 2.2

5 2UU i~5j.40 $.J .. . .0 X7 0



In the expetlments In %,ich animals were subjected to stress
conditions and in which concentrations of UDNH were progressively lowered,
groups of dogs were exposed for single 5-, 15-, and 60-minute periods
until minimal or no toxic affects were seen.

The external stimuli and added strest seemed to magnify and
perhaps haiten the development of toxic signs from U114i poisoning at these
lower dose levels. Toxic signs were produced which erc previously seen
only in dogs exposed to much higher concentratioi, .: UDIM, but where the
environme t after exposure was less di:turbing.

These studies showed tit minimal toxic responsps were
produced by exposures to about l;50, L-W, and 100 ppm of UDMH from single
5-, 15-, and 60-minute exposures, respectively. The results are shown in

TABLE 4

RESPONJE OF DOGi UNDER STR.ESS EI WJ".WES
AnIER 5-HIUTE EXPOWURE TO UDMI VAPOR

Exposure No of Response After
Conen Animals Exposure

ppm

1- 1/2 died overnight,
2/2 convulsed

960C 2 1/2 died after 5 hr,
2/2 convulsed

69L- 2 2/2 vomited,
1/2 convulsed

4230 2 1/2 died after 3 hr,
2/2 convulsed, tremors

1550 2 1/2 slightly timid, dull

12; 2 2/2 no toxic 9 itn

£60 3 3/3 no coxic ,i;n:

630 2 2/2 no toxic signs

9



TABLE5

RESPONSE OF DOGS UNDER STRESS ENVIROIMNTS
AFTER 15-MINUT EXPOSURE TO UDM VAPOR

Exposure No of Response After
Concn Animals Expolure
ppm

1530 2 2/2 tremors, %oe.t'Lng, con-
vuisiona, depressed,

-"-wered 24 hr

960 2 2/2 depressed, tremors
1/2 vomiting, convulsions,

610 4 2/4 tremors
2i4 votaling, convulsion3
2/4 depressed, tremors,

salivating, recovered
24 hr

4CC 4 2/4 no toxic signs
1/4 slightCly more sensi-

tive to shock
1/4 apprehensive

363 2/3 no toxic signs
1/3 slight muscle fascic-

ulations

Results from studies determining the retention of inhaled
ULDM in siA anesthetized dog. exposed by means of an endocrachieo tube or
an (-onsal mask erA given in Table 7. Dog No. 2 died within 24 hours and
Dog No- 5 vomited and went into tonic-clonic convulsive seizures after ex-
posures. No other tu:ic signs could be seen due to the masking effects of
the anesthesia. No changes ettribkutoblc to inhalation of UD.H -dere seen In
the respiratory rate, heart rate, or EKG. The data in Table 7 shows that
at least 80 percent of the amount of UD10i inhaled Is retained F- the re-
spirator, .ract of the dog.

2 . ,Aultizie Exposures

Groups of 4 dogs each exposed twice a week for six weeks to
5C, 20, :,d 6010 ppm of UDi for C0-, 15-, and 5-minute periods, respectivaly,
; we siGnificant changes in red blood cell, white blood cell, and retiuu-
locyte cuLtat, hemtocrit, nonprotain nitro~n, PlUrOsc, o.. ,,(r in



PREMPO3E OF YO~iffiR SZRESZ1 EWNIR0WI~WTS
A ,3_R 60-IM EXPOSURE

kxposure re of Response After

Concn Anima13 Exposure
ppm

2100 to 500 3 2/3 convulsed ,nd died

1/3 tr€-a':., vomiting,
recovered within 24.
hr

200 to 25C 1/3 convulsed and died

1/3 slight tremors to

within 3 'ir
1/3 no toxic signs

3o to 120 4 3/4 no toxic signs

1/4 slight tremors, re-
covered within 1 hr

96 5 5/5 no toxic signs

serum, whole blood and red blood cell cholinesterase determinatio,.s. A
very graduaL decrease in glucose values was noted during the course of
the erxperiment although the total decrease was not significantly below
pre-exposure control levels.

No significant changes from normality vere noted in the
conditioned avoidance tests. Neurological examination during this period
showed no change in the patellar, extensor thrust, and hoPping reflexes.
Heart sounds remained within normal limits throughout this period. The
lungs remained clear in all dogs, except four which suffered from bronchial
congestion which was suspectedato be kennel cough"; however, their con-
dition respondcd to PuradantirP therapy. The mucous membranes ot all but
onc animal appeared clinically to be '-uddy" or pale at irregular intervalc
during the period of experimentation. However, in view of the results from
the serologial work this observation may be of question,7ble clinical sig-
n i .ance.

The only toxic ai3na 3een in any of the do , 7r p e

..s were seen after the third exposure. On thi3 da'.' ts.o dogs Ji..
tu, ,50 npm) were inadvertently exposed to 100 ppm of UDMF. About 15 minutes
.f" exposure one dog vomited and one convulsed. However, both appeared



TABLE 7

RETENTION OF UD QI IN DOC. POILOIlW, INH~lATION OF THE VAPOR

method of Dog Exposure Av Minute Exposure AMM t Per Cent
Delivery No. Time Volume Concn Retained Retention

min 1 Mg UDO/1 mg t;:I/kg

Endotrncheal tube 1 64 1.6 6.43 67.3 71

Endotracheal tube 2 52 1.3 19. GO 144.4 83

Endotrscheal t'- e ) I .6 3.17 ).o 13

Oronasal mask 4 6 0.9 2..6 22.7 79

Oronasal mask 5 55 3.7 2.90 10O.2 93

OronasaL masK . 1.2 2.9-( 26.2 91

norma. the next day at wnich Line no change in jump time or in reflex tests
was noted. These dogs showed no toxic signs throughout the remaining ex-
perimental period.

Doubling the exposure concentrations of the three groups of
dogs fur two weeks had no effect on the rrsponses of these dogs in the
conditioned avoidance tests, and no chunges were noted in the neuro'ogical
and physical examinations. The clinical and serological values reflectsd no
significant changes resulting From these exposures, However, the appearance
nk toxic zigns immediately increa;.d after the exposure concentrations had
been doubled. --l "&6 voaited the fizst week and appcarcd dazed. -
clonic convulsive seizures were seen in two dogs in the five-minute run
during the second week. No deaths resulted from these exposures.

In the range-rindin; study in which two groups, each consisting
of two previously non-exposed dos, were exposed to 100 and 1200 ppm of UDMH
the exposures were discontinued during the second week because of the ap-

pearance of severe toxic signs. All dogs vomited and convulsed and one dog
fr.- each group died. Both ,urvivian dogs appeared normal the week futlowing
cessation of exposures. Clinically a slight drop in red blood cell count and

'etocrit 1a3 noted during the first week of exposure while during the second
week the surviving dogs s:iowed nonprotein nitrogen values that were slightly

Increas-1 'uL which returned to normal when exposures -,Are "l.c.ntlnv...

DISCU.iSION

ic .. tlearly apparent that single brief exposures to high concentrat
4
ons

of UD3: ?roduced toxic si ns Generelly quite similar to ' .. , lcngcr
inhalation exposures but lower concentrations and in aniIm poi-onea. by ott",r

12



routes of administration. The similarity in the toxic effects at both
long- and short-term exposures suggests a common mechanism of action of
UDlIM dependent upon the dose. This is further demonstrated in figure 2
where the solid straight line connecting the LC50s for rats indicates a
linearity wherein some cormmn relationship exists for the production of
lethal effects over the various short exposure times.

The ranges of concentration causing lethal effects in dogs from single
5-, 15-, and 6C-a'inute exposures were somewhat lo'.er tl.In those obtained
with rats. his reflects the known reater sensitivity of the dog over the
rat to UDfl 1,U). The toxic signs in order of appearance and severity in
the dogs at .nose levels were usually as follows: a dazed appearance, vomit-
ing, tremorb, convulsions, 3nd death.

I)ue to !"- 1:.'- ma'!'.0!r of 21'inn of UD 
and of some measurable change as an index of exposure, the criterion of tox-
icity in the minimal toxic response studies was limited to the observation of
toxic signs. towe,-er, the observation of to,.ic sirns produced as a result of
UD1iH expob.-re was aided by our finding that UDMI causes a hypersensitivity in
expzqed dogs to sharp noises and quick unexpected movements. These added
streacs or stimuli seemed to magnify or perhaps hasten the development of
toxic signs from UM-5I poisoning. Progressively lowering the exposure concen-
tration- ahovied that miniml to ic responses were produced by exposure to
abuut 1203, 40, and ¢., pp-1 ot UD-; from single 5-, 15-, and 60-minute ex-
pcSureO, re3pecti 'ely.

Dogs receiving multiple exposures to 53, 20, a,id 6". ppm of UW%.Di for
six vecis at 60C-, 15-, and 5-minute periods, respectively, showed a( changes
from norral in clinical and henatologcal values and no toxic responses.
These results indicate that the concentrations of LJD:Oi at the various short-
term exposures uere nontoxic for dogs. These data also show that biwakly
doses of D:3l1 are proonbly not ndditlvo for the prodisction of toxic responses.
Comparison of the results from the two exper-,wents at exposure levels of 100
and 12CC. ppm of UD: i 'or 6C- and 5-minute periods, respectively, indicates
that no increase in sensitivity developed in dogs exposed six weeks at the
lower dose levels.

The absence of clinical abnormAlities from the rhort-term expasures
i.ndicate3 that at present there is no measurable change produced as a result
of exposure to UD.I and ;iiich v:ill .erve as a reliable index of exposure.
Therefore, it would seem to be imperative that in cases of accidental poisoning
o , the subjective responi.3 of individuals be carefui., .a y. .
toc .,zcnce of toxic responses in do3s exposed to 5^, 0: .- .' )r
snrle 'v-, 15-, uLid 5-minute pcrioda, ruspectively, provides 1ev-'

c K:ch hygienic standards for short-term expolures to UD-1iH may bC 6L'h.
r in.



ijn-le 5- to 6o-minute exposure of dogs and rats to high concen-
trations of Ulrj;24 produce toxic signs similar to those seen at longer in-
halation exposures and in animals poisoned by other routes of administration.

The absence of clinical abnormalities irom the single short-term ex-
posures indicates that at present there is no measurable change produced -2s

a result of exposure to Lt:i %Aiic.i will serve as a reliable index of ex-
posure.

Dogs exp- . to 50, 20C, and 6X ppL; uL for iingle or or-wtiple 60-,
15-, and 5-minute periods, respectively, showed no adverse physiological ef-
fects. These levels ef UMi stould serve as a basis from which short-term
expusurc standards w be P-r.ninrHd for man.
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